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INTRODUCTION
It has been established that the melanocyte
stimulating hormones of the pituitary, and
estrogen and progesterone are capable of in-
fluencing the activity of mammalian epider-
mal melanocytes (1—4). Recently our attention
has been devoted to the influence of hormones
on hair color. It is known that the melanocyte
systems of the epidermis and hair follicle are
morphologically similar although physiologi-
cally they are capable of acting independently,
eg., black haired Caucasian. Moreover, it has
been shown that follicular melanocytes can re-
place epidermal melanocytes during the proc-
ess of healing in a deep wound (5). The
object of the present work was firstly to de-
termine the effect of clipping on hair color
since this was the method to be used for ob-
taining hair samples, and secondly to study
the effect of the alpha mclanocyte stimulating
hormone (aMSH) on hair color.
MATEEIAL5 AND METHODS
To study the effect of clipping on hair color
twelve mature male guinea-pigs were used con-
sisting of six all red and six all black animals.
Samples of hair were taken from the scalp (an area
of skin limited to the region between the bases of
thc ears) and from the anterior abdominal wall.
The hairs were cot close to the skin surface with
standard electric clippers. In order to minimize the
mechanical trauma to the hair follicles the animals
were chpped while lightly anesthetized with ether.
The hairs were kept as far as possible in undis-
turbed groups and were stored in layers in scaled
envelopes. Later, a sample of an undisturbed group
of hairs was mounted in Permount on a shde
under a covershp. Adjacent hairs were gently sep-
arated so that the minimum of overlap occurred.
To allow adequate penetration of the Permount
into each hair, both ends were immersed in the
medium and each shde was stored at room tem-
perature for at least a week prior to microscopic
examination. Further samples of hair were obtained
from each area 1 month, 2 months, and 3 months
later. Hair counts were performed as follows: In
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the ease of the red animals the hair colors were
arbitrarily divided into two main groups which
we called hght red and dark red. The hairs of the
black animals were similarly divided into two main
groups black and grey. A total of 100 hairs were
counted at a magnification of >< 200 in each hair
sample and the numbers of each color were re-
corded. To avoid bias the dates on which the hair
samples were taken from each guinea-pig were
not divulged to the person examining the slides.
It should be noted that a few hairs of other colors
were seen but since these only occurred very oc-
casionally they were ignored.
To study the effect of aMSH on hair color, a
further six all red and six all black mature male
guinea-pigs were used. Each animal was injected
intramuscularly with 40 pg of purified aMSH1 in
ethyl oleate once daily for two months. Hair sam-
ples were obtained as described previously and
color counts performed before hormone treatment,
at the end of one month of treatment and at the
end of hormone treatment. Further hair samples
were obtained one month later.
EE5L'LT5
The light and dark red hairs counted in the
red guinea pig are shown in Fig. 1. The light
colored hairs possessed a thin colorless cuticle
and the cortical cells contained a moderate
number of melanin granules. The dark red
hairs were of two types. The larger in diam-
eter, which constituted the majority had a
thick cuticle which was pigmented towards its
inner aspect. The cortical cells of these fibres
possess large numbers of melanin granules.
The smaller diameter hairs which were much
fewer in number, possessed a darker colored
cuticle although no pigment granules could be
seen. The cortical cells possessed large numbers
of melanin granules, many of which appeared
to be packed together. Tile relative numbers of
each type of hair found in the normal red
guinea pig are shown in Tables 1—4. For the
scalp the average counts for the initial hair
samples for twelve animals is 78% light red
and 22% dark red hairs. For the anterior
abdominal wall, the average counts taken from
the same groups of animals is about the same,
1The homogeneous porcine MSH was obtained
from Drs. S. Lande and A. B. Lerncr.
Received for publication April 12, 1967.
* From the Section of Dermatology, Depart-
ment of Medicine and the Department of Anat-
omy, Yale University School of Medicine, New
Haven, Connecticut.
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Fm. 1. Photomicrograph of hairs counted in the red guinea-pigs. (a) hght red hair. The
cuticle is thin and colorless. The cortical cells possess a moderate number of red melanin
granules. (b) dark red hair (small diameter). The cuticle is thick and reddish in color; no
melanin granules can be seen. The cortical cells possess large numbers of red melanin gran-
ules. (c) dark red hair (large diameter). The cuticle is very thick and pigmented towards its
inner border. The cortical cells contain large numbers of melanin granules. X 309.
79% light red and 21% dark red hairs. The
grey and black hairs counted in the black
guinea pigs are shown in Fig. 2. The grey
hairs had a thin cuticle in which only an
occasional black melanin granule could be
seen. The cortical cells possessed numerous
black melanin granules. The black hairs pos-
sessed a thin cuticle containing numerous
fine black granules. The cortical cells were
packed with large black melanin granules.
There was no obvious difference in diameter
between grey and black hairs; large and small
diameter grey and black hairs were a common
finding. The relative numbers of each type of
hair in the normal, black guinea pig are
shown in Tables 1—4. For the scalp the av-
erage count for the initial hair samples for
twelve animals is 76% grey and 24% black
hairs. For the anterior abdominal wall the
average count taken from the same group of
animals is 70% grey and 30% black hairs.
The Effect of Clipping on Hair Color
(Control Experiment)
The hair counts for the red and the black
animals taken at different times during the ex-
periment are shown in Tables 1 and 2.
Scalp. In the red animals, the proportion of
dark red to light red hairs gradually in-
creased as the experiment progressed. After 1
month, there was a significant increase in the
number of dark red hairs (P = <0.01). At
the end of the second month this increase had
diminished. However, at the end of the third
month, there was a further large increase in
the numbers of dark red hairs.
In the black animals, the proportion of
black to grey hairs had increased after 3
months in the majority of the animals.
However, the increase was relatively small.
The averages are shown graphically in Fig. 3.
Anterior abdominal wall. In the red animals,
practically no color change was noted. After
-a'.
A.,
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Fia. 2. Photomicrograph of hairs counted in the black guinea pigs (a) grey hair. The
cuticle is thin and contains only an occasional fine black melanin granule. The cortical cells
contain numerous black melanin granules. (b) black hair. The cuticle is thin and contains
numerous fine black melanin granules. The cortical cells are packed with large black
melan granules. X 311.
TABLE 1
Showing the hair counts of hair samples taken from the scalp of the untreated control animals
Initial hair Hair sample after Hair sample after Hair sample after
sample i month 2 months 3 monthsNo. of animal Color of animal
Light red Dark red Light red Dark red Light red Dark red Light red Dark red
1877 Red 86 14 68 32 77 23 39 61
1878 93 7 85 15 90 10 54 46
1879 76 24 51 49 53 47 75 25
1880 65 35 59 41 76 24 38 62
1881 78 22 61 39 54 46 77 23
1882 87 13 75 25 86 14 49 51
Grey Black Grey Black Grey Black Grey Black
1883 Black 78 22 67 33 Died
1884 79 21 61 39 78 22 68 32
1885 85 15 78 22 75 25 Died
1886 57 43 73 27 64 36 60 40
1887 77 23 77 23 77 23 58 42
1888 76 24 54 46 77 23 74 26
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TABLE 2
BLACK ANIMALS
SCALP
TIME IN MONTHS
Fie. 3. Graphs showing the average percentage of black hairs in samples taken from the
scalps of black guinea pigs at chiferent times during the experiment. The continuous line is
for animals treated with aMSH for 2 months. The interrupted line is for animals who re-
ceived no hormone but whose hair was clipped (control).
2 months, there was a slight increase in the
proportion of dark to light red hairs, but this
was not significant. In the black animals, no
definite color change was noted at the end of
1 month. However, in the following 2 months
the proportion of black to grey hairs was in-
creased. These results are shown graphically
in Fig. 4.
The Effect of yMSH on. Hair Color
The hair counts for the red and the black
animals taken at different times during the
experiment are shown in Tables 3 and 4.
Scalp. In the red animals the proportion of
dark red to light red hairs rose in five out of
the six animals during the first month of
Showing the hair counts of hair samples taken from the anterior abdominal wall of the ant reated
control animals
Initial hair
sample
Light red Dark red
Hair sample after
2 months
Light red Dark red
Hair sample after
1 month
Light red Dark red
Hair sample after
3 months
Light red Dark red
No. of animal
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
Color of animal
Red
Black
82
77
75
72
76
71
Grey
81
71
77
67
72
65
18
23
25
28
24
29
Black
19
29
23
33
28
35
84
60
65
84
86
65
Grey
72
65
64
82
86
65
26 61
21 70
57 72
27 75
20 80
27 82
Black Grey
Died
16
40
35
16
14
35
Black
28
35
36
18
14
35
74
79
43
73
80
73
Grey
72
70
67
68
59
39
30
28
25
20
18
Black
40
40
44
38
28
30
33
32
41
I)ied
60
60
56
62
o MSH
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BLACK
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Fia. 4. Graphs showing the average percentage of black hairs in samples taken from the
anterior abdominal walls of black guinea pigs at different times during the experiment. The
continuous line is for animals treated with cMSH for 2 months. The interrupted line is for
animals who received no hormone but whose hair was clipped (control).
TABLE 3
Showing the hair counts of hair samples taken from the scalp of animals treated with a-MSH
Hair sample after Hair sample 1 month
2 months of 55-MSH after cessationof
treatment. By the end of the second month,
the proportion of dark to light red hairs was
significantly higher in all the animmals. At the
end of 1 month following the cessation of the
hormone treatment, the proportion of dark to
light hairs had fallen in two of the animals.
In the black animals, the proportion of black
to grey hairs rose significantly in all six ani-
mals during the first month of treatment (P =
<0.01). During the next month, this propor-
tion rose still further in three animals, fell in
two, and one animal died. At the end of 1
month following the cessation of the hormone
treatment, the proportion of dark to light
hairs had fallen in three of the animals. The
average results for the group are shown
graphically in Fig. 3.
Anterior abdominal woll. In the red ani-
BLACK ANIMALS
ANTERIOR ABDOMINAL WALL70
60
50
40
TIME IN MONTHS
No. of animal
1865
1866
1867
1868
1869
1870
Color of animal
Red
Initial hair Hair sample after
sample i month of -MSH
Light red Dark red Light red Dark red Light red Dark red Light red Dark red
82 18 72 28 72 28 40 60
77 23 64 36 61 39 65 35
70 30 80 20 52 48 30 70
50 50 44 56 42 58 42 58
75 25 68 32 20 80 83 17
96 4 71 29 66 34 64 36
Grey Black Grey Black Grey Black Grey Black
34 66 42 58 50 50
56 44 39 61 55 45
14 86 28 72 21 79
60 40 44 56 40 60
38 62 Died
30 70 24 76 45 55
1871
1872
1873
1874
1875
1876
Black 70
90
60
80
74
84
30
10
40
20
26
16
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Showing the hair counts of hair samples taken from anterior abdominal wall of animals treated with ce-MSH
mals, the average proportion of dark red to
light red hairs rose only 4% during the hor-
mone treatment. A further slight rise occurred
during the succeeding month.
In the black animals the proportion of black
to grey hairs rose progressively throughout the
experiment. An analysis of the results showed
that the number of black hairs was signifi-
cantly higher at the end of the experiment
(P = <0.01). The averages for the group are
shown graphically in Fig. 4.
DJ5CTJ55ION
Examination of mammalian hair with the
naked eye shows a wide range of color hues,
however, microscopic examination has re-
vealed only black, brown and yellow pigment
granules. The black-brown pigments are formed
by the enzymatic oxidation of tyrosine to
melanin but the origin of the yellow pheo-
melanin is unknown, although it is believed
that tyrosinasc is required for its formation
(Fitzpatrick et al) (6). For a description of
the relationship between the melanocyte and
the other epithclial cells in the hair follicle
the reader is referred to a review by Chase
(7). The colors of the various genotypes in
the guinea pig have been studied extensively
by Wright (8) and Russell (9). In the present
work, all red and all black guinea pigs were
selected but they were not genetically pure
strains.
The guinea pig has a coat which lacks any
suggestion of progressive waves of hair growth
(Dawson (10), Strangeways (11)). The av-
erage length of the period of growth is four
weeks with a range of from 2—7 weeks. The
average rate of growth varies from 2—5 mm
weekly. The period of rest averages 12 weeks
in males and females but in the pregnant fe-
male the average is 15 weeks (Dawson (10)).
Apart from genetic studies of hair color in
the guinea pig, relatively little is known re-
garding hair color in the experimental ani-
mal. The results of the present woik show that
simple mechanical clipping of the hair can in-
fluence hair color. The proportion of dark to
light red hairs in the red animals was sig-
nificantly increased in the scalp region and, in
the black animals, the proportion of black to
grey hairs was increased in the anterior ab-
dominal wall region. In the scalp of the black
animal there was also a tendency for the pro-
portion of black hairs to increase. How-
ever, in the red animals there was practically
no change in color in the anterior abdominal
wall. A close examination of the results shows
that while many animals responded in the
manner indicated above some of the animals
showed an opposite change ic. an increase in
No. of animal
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
Color of animal
Red
Black
Initial hair Hair sample after Hair sample after Hair sample 1 monthafter cessation of
sample 1 month of ,s-MSH 2 months of cs-MSH hormone
Light red Dark red Light red Dark red Light red Dark red Light red Dark red
79 21 67 33 68 32 56 44
81 19 90 10 85 15 76 24
91 9 85 15 86 14 85 15
78 22 87 13 75 25 68 32
84 16 63 37 84 16 75 25
80 20 77 23 68 32 71 29
Grey Black Grey Black Grey Black Grey Black
73 27 66 34 40 60 38 62
70 30 66 34 60 40 49 51
63 37 42 58 50 50 22 78
63 27 69 31 59 41 39 61
75 25 70 30 Died
64 36 70 30 42 58 42 58
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the proportion of light colored hairs as com-
pared with dark colored hairs. It would seem
possible that clipping can produce thermal or
mechanical stimulation of the skin which in
turn may influence the activity of the melan-
oeytes in the hair bulb. Kim et al (12) re-
ported that hair clipping in the guinea pig
resulted in distinctly more hair growth in the
test area than in a control area. They also
found that plucking was more effective than
clipping in increasing hair growth. Moreover,
it has been shown that mechanical irritation
to the epidermis will greatly stimulate melano-
genesis in the surface epidermis in the guinea
pig (13). However carefully the hairs were
clipped, the degree of mechanical stimulation
was certain to vary and this might account
for the variation seen in hair color from one
animal to another and in the same animal at
different times. The results clearly indicate
that the effect of clipping must be taken into
consideration when studying the influence of
hormones on hair color if the hair samples are
obtained by this method.
In a previous experiment in the guinea pig,
it was reported that epidermal melanoeytes
can be strongly stimulated folliowing the in-
jection of both alpha and beta MSH (1 and
2). An increase in the length and complexity
of the dendritie processes of the melanocytes
took place and this was accompanied by an
increase in the amount of melanin found in
the surrounding keratinoeytes. In this work,
the melanoeytes in the hair follicles and the
melanin content of the hair were not studied.
Recently Gesehwind and Huseby (14) have
reported a darkening of the hair in mice bear-
ing transplanted pituitary tumors. The changes
in coat color became apparent while the tumor
was quite small and when the circulating
level of MSH was only moderately elevated
from the control value.
In the present investigation in the guinea
pig, it has been shown that the percentage of
dark colored hairs as compared with light
colored hairs increases following treatment
with a-MSH. This increase was seen to be
greatest in the black animals. Surface epider-
mal melanocytes producing black melanin
granules are known to be more sensitive to
hormonal stimulants than those producing red
pigment (2). While some of the increased
melanogenesis could be attributed to the proc-
ess of hair clipping, the degree of stimulation
produced by a-MSH was greater than that
produced by hair clipping alone in the con-
trol part of the experiment. The finding that a
high percentage of dark colored hairs per-
sisted one month after the cessation of hor-
mone treatment could in part be explained
by the fact that the segment of the hair present
in the follicle at the time of stimulation had
now emerged from the mouth of the follicle. A
more likely explanation is that melanoeytes
continue to produce increased amounts of
melanin for some time following the cessation
of hormone treatment; this certainly occurs in
the surface epidermal melanoeytes following
a-MSH (2) and ultraviolet light stimulation
(15). A more challenging problem which re-
mains unsolved involves the mode of action of
MSH on melanocytes. Does this hormone
bring about dispersion of melanin granules
and does it influence melanin production? It
was hoped that mammalian melanocytes in
tissue culture might throw some light on the
process but the melanin granules failed to
move in response to a-TVISH added to the cul-
ture medium (16). The use of labelled MSH
in combination with electron microscopy
might give us some insight into the problem.
From these results it must be concluded that
follieular melanocytes in mammalian skin re-
spond to aMSH in a similar manner to
epidermal melanoeytes by increasing their
melanogenie activity and that this effect is
greatest in those melanocytes producing dark
pigment.
This research was supported by the United
States Public Health Service and American
Cancer Society Grants. AM P-16S and CA
04679-08.
suMMAaY
(1) The effect of clipping and aMSH on
hair color has been studied in mature male
guinea pigs.(2) Hair samples were obtained from the
scalp and anterior abdominal wall at monthly
intervals for 3 months. The hairs were
mounted on slides and hair color counts were
performed.
(3) Clipping increased the proportion of
dark to light colored hairs in the majority of
MSH AND HAIR COLOR 321
the animals and this effect was seen to be
greatest in the scalp of the red animals and the
anterior abdominal wall of the black ani-
mals. In a few of the animals the opposite
effect was noted.
(4) Alpha MSH increased the proportion of
dark to light colored hairs, and this effect was
greatest in the black animals.
(5) It was concluded that the process of
clipping can influence follieular melanogenesis
and that alpha MSH stimulates melanogenesis
in a manner similar to that seen in epidermal
melanoeytes.
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